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Effect of Periostin on Renal Fibrosis 
and Renal Function Deterioration
Jin Ho Hwang
Department of Medicine, Internal Medicine Major
The Graduate School
 Seoul National University
Background: Periostin is a matricellular protein and plays a vital role in 
tissue regeneration, fibrosis, and wound healing via its interaction with 
integrin. Recently, the role of periostin has been explored in the field of 
nephrology. We investigated the role of periostin, the effect of periostin 
blockade in renal fibrogenesis, and its clinical significance including renal 
histologic findings and prognosis in IgA nephropathy (IgAN).
Methods: We investigated the function of periostin in vivo in wild-type and 
periostin-deficient mice (POSTN-KO) in a unilateral ureteral obstruction 
(UUO) model. For the in vitro experiments, primary cultured inner 
medullary collecting duct (IMCD) cells from the wild-type and POSTN-KO 
mice were used. For an experiment involving human, serum and urine 
periostin were measured in 314 IgA nephropathy patients using ELISA. The 
patients were divided into 3 groups by urine periostin/creatinine 
(uPOSTN/Cr): group 1 (undetectable), group 2 (lower than the median), and 
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group 3 (higher than the median).
Results: Periostin expression was strongly induced by the UUO in the 
wild-type mice. In vitro, the administration of recombinant TGF-β increased 
periostin expression in the wild-type IMCD cells. The effect of periostin 
blockade was examined by three ways. Compared to the wild-type mice, the 
POSTN-KO mice showed a more preserved kidney structure and less fibrous 
tissues. Fibrosis-related genes and the mRNA expression levels of 
inflammatory cytokines were increased in the wild-type mice and were 
significantly decreased in the POSTN-KO mice. The integrin blockade 
peptide and anti-periostin polyclonal antibody decreased the fibrosis-related 
gene expression. The uPOSTN/Cr level was correlated with pathologic 
classifications and both initial and final IDMS-MDRD eGFRs (P<0.001). 
Histologically, group 3 patients were correlated with severe interstitial 
fibrosis/tubular atrophy (P=0.004), interstitial inflammation (P=0.007), 
hyaline arteriolosclerosis (P=0.001), and glomerular sclerosis (P<0.001). A 
higher initial uPOSTN/Cr level was associated with a greater decline in 
eGFR during follow-up (P=0.043 when initial eGFR ≥ 60; P=0.025 when 
eGFR < 60 mL/min/1.73 m2), and the renal outcomes with ESRD 
(P=0.003), ESRD and/or eGFR decrease of > 30% (P=0.033), and ESRD 
and/or eGFR decrease of > 50% (P=0.046) occurred significantly more in 
group 3. In multivariate analysis, uPOSTN group 3 (HR, 2.839; CI, 
1.013-7.957; P=0.047) was independently associated with ESRD in IgAN 
patients.
Conclusion: Periostin is one of the markers of renal fibrosis and may 
augment the progression of fibrogenesis as an extracellular matrix protein. 
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Periostin blockade attenuated renal fibrogenesis via inhibiting the TGF-β 
signaling pathway, inflammation, and apoptosis. Urine POSTN/Cr value at 
initial diagnosis correlated with renal fibrosis and predicted the renal 
outcomes in patients with IgAN. Thus, periostin could be a promising 
urinary biomarker for renal fibrosis and periostin inhibition may be a 
therapeutic target for the amelioration of renal disease progression.
Keywords: Anti-periostin antibody; Biomarker; Chronic kidney disease; 
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INTRODUCTION
Chronic kidney disease (CKD) causes irreparable and progressive renal 
damage. Various chronic diseases such as diabetes mellitus, hypertension, 
and glomerulonephritis cause CKD. Pathologically, renal fibrosis is a final 
common pathway for CKD, and tubulointerstitial fibrosis drives the 
progression of CKD to end-stage renal disease.1-4 There an increased risk of 
morbidity and mortality in CKD patients,5 and CKD contributes to an 
economic burden for the national healthcare system. Despite decades of 
extensive research, no specific treatments are available to prevent or reverse 
renal fibrosis.
Kidney fibrosis is the result of a failed healing process after an 
insult. Various intracellular signaling pathways are associated with kidney 
fibrosis, and transforming growth factor-β (TGF-β) plays a key role by 
modulating cell migration, inflammatory cell infiltration, and extracellular 
matrix (ECM) turnover.6,7 
Periostin is a matricellular protein that is responsible for tissue 
regeneration, fibrosis, and wound healing by interacting with integrin.8 
Extensive investigations have been conducted in various neoplasms, asthma, 
and cardiac diseases.9-12 Recently, the role of periostin has been emerging in 
the field of nephrology.13-19 One of the studies showed that the inhibition of 
periostin expression was associated with decreased renal inflammation and 
fibrosis both in vitro and in vivo.19
IgA nephropathy (IgAN) is one of the most common forms of 
glomerulonephritis and a frequent cause of end-stage renal disease (ESRD) 
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worldwide.20 In Korea, it accounts for approximately half of all primary 
glomerulonephritis.21 IgAN represents various clinical features, from lifelong 
mild hematuria with or without proteinuria to rapid decline or loss of renal 
function after diagnosis. The prognosis of IgAN is unclear because of the 
lack of renal biopsy data of suspicious cases of IgAN with a clinically mild 
disease course and the low accuracy of diagnosis.22 In one study on 
biopsy-proven IgAN population in Korea, ESRD occurred in 20.6% of 
patients and the median time to ESRD was 71 months after renal biopsy.23 
Owing to the heterogeneity of reports of disease course and clinical features 
of IgAN, reliably predicting outcome at diagnosis is difficult. Therefore, the 
development of noninvasive biomarkers with high sensitivity and specificity 
that can be used for predicting disease prognosis would be highly beneficial. 
Urinary biomarkers have several advantages; they could be collected in large 
volumes using noninvasive methods, and they are stable owing to the lack 
of endogenous proteases.24
We investigated the role of periostin in vitro using primary cultured 
inner medullary collecting duct (IMCD) cells and the effect of periostin 
blockade on renal fibrogenesis in vivo using periostin-deficient mice 
(POSTN-KO) and a polyclonal antibody against periostin. Also, the 
correlation between urinary periostin excretion and its clinical significance, 
including renal histologic findings in IgAN were evaluated.
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METHODS
Experimental Animals and Unilateral Ureter Obstruction 
Model Establishment
This animal study was conducted at the Seoul Metropolitan Government 
Seoul National University Boramae Medical Center (SMG-SNU) and 
approved by the SMG-SNU Institutional Animal Care and Use Committee 
for compliance with regulations. The strain of periostin null mice 
(B6;Postntm1Jmol/J) was donated by Dong-Gu Hur, who originally purchased 
these mice from The Jackson Laboratory (Bar Harbor, Maine, USA).25 
C57BL/6 (WT) mice were purchased from the Korean SPF Laboratory 
Animal Company, KOATECH (Kyeonggi, Korea). To evaluate the knock-out 
effect of periostin on renal fibrosis, 7-8-week-old male C57BL/6 mice and 
POSTN-KO mice (weight 24.2 g for the WT mice and 19.4 g for the 
POSTN-KO mice) were randomly divided into four groups, which consisted 
of sham groups (1-week and 2-week models) and unilateral ureter 
obstruction (UUO) groups (1-week and 2-week models). The UUO operation 
was performed under anesthesia with intraperitoneal xylazine (Rompun; 10 
mg/kg of body weight; Bayer, Canada) and tiletamine mixed with zolazepam 
(1:1) (ZoletilTM; 30 mg/kg of body weight; Virbac, USA). After the left 
flank incisions, the UUO was achieved by ligating the left ureter with 5-0 
silk at two points and cutting between the ligatures. The mice were placed 
on a heating pad (37°C), and pre-warmed PBS (37°C) was intraperitoneally 
administered throughout the procedure to the prevent dehydration. The 
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sham-operated mice underwent identical surgical procedures except for the 
ligation of the ureter. After 7 or 14 days, the mice were sacrificed, and the 
UUO left kidneys were collected for further analyses, including frozen 
section, immunohistochemistry (IHC), protein extraction, and RNA extraction. 
Three to five mice were used from each group, and three or four 
independent experiments were performed for each procedure.
Evaluation of Renal Histology 
Formalin-fixed, paraffin-embedded tissues were cut into 4-μm sections. 
Fibrosis was assessed in similar tissue sections stained with Sirius Red and 
Masson’s Trichrome.26 Five to seven fields were selected randomly from 
each kidney, and the red-stained area per total area, which reflected the 
interstitial fibrosis, was quantified using computer-based morphometric 
analysis software (Qwin 3, Leica, Mannheim, Germany). Scoring was 
performed in a blinded manner. The data are expressed as the mean values 
of the percentage of the positive area examined.
Immunohistochemistry Analyses 
Four-micron sections of formalin-fixed, paraffin-embedded tissue were 
deparaffinized and rehydrated using xylene and ethanol. Endogenous 
streptavidin activity was blocked using 3% hydrogen peroxide. The sections 
were probed with primary antibodies, followed by counterstaining with 
Mayer’s hematoxylin (Sigma-Aldrich). The degree of nonspecific staining 
was evaluated using secondary antibodies and isotype control IgGs. To 
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examine the expression of human periostin and type I alpha 1 collagen (col 
Iα1), the staining was performed using polyclonal periostin and type I 
collagen antibodies (Abcam, Cambridge, MA) and incubating overnight at 
4°C, followed by incubation with dextran polymer conjugated with 
horseradish peroxidase (HRP; DAKO, Carpintería, CA) for 40 minutes at 
room temperature. 3, 3’-diaminobenzidine tetrahydrochloride (Sigma-Aldrich, 
Saint Louis, MO) was used for the immunohistochemical detection. The 
stained slides were photographed under an Olympus inverted microscope 
(Olympus Imaging America, Center Valley, CA). For the evaluation of the 
human biopsy slides, every obtainable, unstained slide from the study 
population was used.
Immunofluorescence Staining and Confocal Microscopic 
Examination
For the immunofluorescence staining of the kidney tissues, deparaffinized 
sections of mouse specimens were probed with primary antibodies in a 
blocking agent overnight at 4°C, followed by an incubation with Alexa 
Fluor-conjugated secondary antibodies (Molecular Probes, Eugene, OR). 4’, 
6-Diamidino-2-phenylindole (DAPI; Molecular Probes) was used for the 
counterstaining. For the negative controls, the primary antibodies were 
omitted. Apoptosis was estimated by detecting the fragmented chromosomal 
DNA using the terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL; Roche, Mannheim, Germany) assay according to the 
manufacturer’s instructions. Confocal microscopy was performed with a Leica 
TCS SP8 STED CW (Leica).
6
Cell Culture
Primary cultured IMCD cells were used in this research study and identified 
by aquaporin-2 expression.27 To maintain the best cell quality, each cell was 
used in only one generation, and we did not perform a subculture in the 
other experiments. All the cells were cultured at 37°C in an atmosphere of 
21% oxygen and 5% carbon dioxide in Dulbecco's Modified Eagle's 
Medium/F-12 1:1 mixture with 10 mM D-glucose, 10% fetal bovine serum, 
100 U/mL penicillin, 100 mg/mL streptomycin, and 2 mM supplemental 
glutamine (GibcoTM,Thermo Fisher Scientific). The cells were grown to 
approximately 80% confluence and subjected to serum deprivation (1% FBS) 
for 24 hours before the application of the experimental cell treatment.
Administration of Recombinant POSTN, RGDS and 
Anti-Periostin Polyclonal Antibody
To confirm that the administration of recombinant POSTN (rPOSTN; R&D 
systems, Minneapolis, MN, USA) changes the morphology of the renal cells 
and exacerbates the renal fibrosis process, the primary cultured IMCD cells 
were treated with 5 ng/mL recombinant TGF-β (rTGF-β; positive control, 
R&D systems), 1.0 μg/mL rPOSTN (R&D systems), or both. Integrin 
blockade was performed by administering 250 μg/mL of a highly selective 
integrin receptor blocker, the RGDS peptide (Sigma-Aldrich), with rTGF-β + 
rPOSTN or rPOSTN alone for 72 hours to both the WT and POSTN-KO 
mice. The doses of the reagents were determined by examining each of 
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dose dependent effect and toxicity. To evaluate the effect of the periostin 
blockade, 1.0 μg of the anti-POSTNpab (R&D systems) was administered 
with 1.0 μg of rPOSTN. All agents were diluted in the cell culture media, 
and all in vitro experiments were repeated 3 times to confirm the 
reproducibility. The effect of the periostin blockade was also evaluated in an 
in vivo experiment. WT mice (7-8 weeks of age) were divided into 4 
groups as follows: a sham group, a sham group treated with an isotype 
IgG, a UUO group, and a UUO group treated with anti-POSTN polyclonal 
antibody (aPOSTNab). The anti-POSTNab or isotype IgG (sham injection) 
was injected via the tail vein on 4 separate days following the UUO (day 
0, 2, 4, and 6, with 40 μg, 20 μg, 20 μg, and 20 μg, respectively). 
Analysis of mRNA Expression using Quantitative RT-PCR 
Total RNA was isolated from the cells and renal tissues using the RNeasy® 
Kit (Qiagen GmBH, Hilden, Germany), and 1 µg of total RNA was 
reverse-transcribed using oligo-d(T) primers and AMV-RT Taq polymerase 
(Promega, Madison, WI, USA). The quantitative RT-PCR was performed 
using assay-on-demand TaqMan® probes and primers for Col Iα1, 
fibronectin, periostin, TGF-β, α-smooth muscle actin (αSMA), 
fibroblast-specific protein-1 (FSP-1), Integrin αν, β3, β5, focal adhesion 
kinase (FAK), integrin-linked kinase (ILK), monocyte chemoattractant 
protein-1 (MCP-1), interferon-γ (IFN-γ), interleukin-6 (IL-6), p53, Bcl-2, and 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Applied Biosystems, 
Foster City, CA) and an ABI PRISM® 7500 Sequence Detection System 
(Applied Biosystems). The thermocycler conditions were as follows: 95°C 
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for 10 minutes followed by 40 cycles of dissociation (95°C for 10 s), 
annealing (55°C for 30 s), and elongation (72°C for 30 s). The levels of 
the specific messenger RNA (mRNA) expression were normalized to the 
level of the GAPDH mRNA expression. The relative quantification was 
performed using the 2-ΔΔCT method.28
Western Blot Analysis
The protein samples (80 µg each) were separately subjected to 8-12% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred 
onto an Immobilon polyvinylidene difluoride membrane (Merck Millipore, 
Billerica, MA, USA) using a wet blotting apparatus (Bio-Rad, Hercules, CA, 
USA). The membranes were incubated for at least 1 hour in the blocking 
buffer (Tris-buffered saline, 0.05% Tween-20, and 5% bovine serum albumin 
or 5% nonfat milk), followed by an overnight incubation with the following 
primary antibodies at 4°C: αSMA (1:300, Abcam), FSP-1 (1:200, Abcam), 
fibronectin (1:50, Abcam), type I collagen (1:800, Abcam), and monoclonal 
mouse anti-β-actin (1:20000, Sigma-Aldrich, St. Louis, MO, USA). The 
membrane was then washed 4 times for 10 minutes with tris-buffered saline 
and Tween-20. The membrane was then incubated in a blocking buffer 
containing HRP-linked goat anti-mouse IgG (1:6,000 for β-actin; Cell 
Signaling Technology) or goat anti-rabbit IgG (1:5,000 for other primary 
antibodies; Cell Signaling Technology, Danvers, MA). After the repeated 
washing, the membrane was developed with the Amersham ECL 
chemiluminescence detection reagent (GE healthcare, Chicago, IL, USA). 
Quantifying the western blots was performed using Image J 
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(https://imagej.nih.gov/ij/).
Human Sample Study Design and Population
We included patients who underwent kidney biopsy at Seoul National 
University Hospital and SMG-SNU. These two centers are building the 
prospective cohorts and managing biobanks for urine, plasma, serum, 
genomic DNA, and biopsied tissue of all patients who underwent renal 
biopsy and provided informed consent. 
We collected data of 399 adult patients with biopsy-proven IgAN 
from January 2009 to December 2014. We excluded 54 patients owing to 
non-availability of urine or plasma samples, insufficient follow-up or clinical 
data within 3 months of kidney biopsy (52 patients), and misdiagnosis (2 
patients). Finally, 345 IgAN patients were included. In addition, 56 patients 
were randomly selected from the Seoul National University Boramae Medical 
Center Human Biobank for comparison with IgAN patients.
Clinical parameter data including age, sex, body mass index, blood 
chemistry, spot urine protein-creatinine ratio (uPCr), and comorbidity 
(hypertension, diabetes mellitus, and viral hepatitis) were collected at the 
time of kidney biopsy. Information on blood chemistry, uPCr, and prescribed 
medications (angiotensin-converting enzyme inhibitors or angiotensin II 
receptor blockers, and immunosuppressive agents) was recorded during the 
follow-up period. Estimated glomerular filtration rate (eGFR) was calculated 
using the isotope dilution mass spectrometry–traceable modified 
Modification of Diet in Renal Disease equation. Biopsy tissues were 
examined using light, electron, and immunofluorescence microscopy. The 
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histologic diagnosis was made by a renal pathologist. Interstitial fibrosis and 
tubular atrophy (IFTA) and interstitial inflammation scores were graded as a 
percentage of affected area as follows: 0 (none), 1 (mild, ≤ 25%), 2 
(moderate, 26%-50%), and 3 (severe, > 50%). Information on fibrointimal 
thickening and hyaline arteriolosclerosis was obtained by final pathologic 
record of each patient. This study was approved by the Institutional Review 
Board (H-1308-120-517), and the patients provided informed consent prior to 
recruitment into the cohort. All clinical investigations were conducted in 
accordance with the guidelines of the 2013 Declaration of Helsinki.
Measurement of Tissue, Urine, and Plasma Periostin Levels
The mice kidneys were harvested and prepared for the protein extraction. 
The capsule of the kidney was removed, and the kidney tissue was stored 
at -80°C. The tissues were homogenized (Biospec products, Bartlesville, OK, 
USA) with 500 μL of lysis buffer (Radio-immunoprecipitation assay buffer 
with 0.005 M Ethylenediamine-tetraacetic acid, protease inhibitor cocktail, 
and 0.001 M phenylmethane sulfonyl fluoride). The mixture was incubated 
for 10 minutes at room temperature and then centrifuged at 14,000 rpm at 
4°C for 20 minutes. The supernatant was aliquoted to a new tube and 
quantified using the bicinchoninic acid assay (PierceTM BCA Protein Assay 
Kit, Thermo Scientific, Waltham, MA, USA). All samples were adjusted to 
a concentration of 2 mg/mL. The tissue, urine, and plasma periostin levels 
were measured using an enzyme-linked immunosorbent assay (ELISA; R&D 
systems, Minneapolis, MN, USA) according to the manufacturer-provided 
protocol. Ninety-six-well microplates were coated with 1 μg/mL, 100 μL per 
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well of the mouse anti-periostin antibody (capture antibody) and incubated 
overnight at room temperature. The plates were washed three times with a 
wash buffer (0.05% Tween-20 in phosphate buffered saline) and blocked 
with the reagent diluent for more than 1 hour. Subsequently, 100 μL of all 
standards and samples were added to each well and incubated for 2 hours 
at room temperature. After 2-hour incubation with the detection antibody, a 
20-min incubation with streptavidin-HRP, and a 20-min incubation with the 
substrate solution, the stop solution was added to each well. The periostin 
absorbance was calculated at 450 nm by correcting for the plate artifact at 
570 nm and using a 4-parameter logistic standard curve. All measurements 
were performed in a blind manner and duplicated. The tissue and plasma 
samples were diluted to 1:50 before the sample loading. Measured urine 
periostin levels were adjusted by urine creatinine. Urine creatinine 
concentrations were measured in the same urine samples, and expressed as 
the urine periostin/creatinine ratio (uPOSTN/Cr).
Grouping and Outcomes
We divided the patients into 3 groups by uPOSTN/Cr: group 1 (undetectable 
level of uPOSTN); group 2 (below median value of measured uPOSTN/Cr); 
and group 3 (above median value of measured uPOSTN/Cr). We also 
evaluated the patients with plasma POSTN by quartile groups. 
Renal outcomes were compared between the low uPOSTN group 
(group 1 and 2) and group 3. The occurrence of ESRD was the primary 
outcome in this study. An eGFR decrease ≥ 30% and/or ESRD, and eGFR 
decrease ≥ 50% and/or ESRD were secondary outcomes. The change in 
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eGFR per year (ΔeGFR/year) was also evaluated by collecting final 
follow-up data and assessing the duration of total follow-up. We evaluated 
the association between uPOSTN/Cr and pathological parameters.
Statistical Analysis
Most analyses and calculations were performed using Prism® version 6 
(GraphPad Software, La Jolla, Ca, USA) and IBM SPSS Statistics V21.0 
(IBM Corporation, Armonk, NY, USA). Continuous variables were expressed 
as the mean ± standard deviation and categorical variables as the number 
and percentage. The independent samples t-test was used for continuous 
variables. For multiple comparisons, one-way analysis of variance was used 
followed by the least significant difference test. Categorical data were 
compared using the chi-square test. Pearson correlation coefficients were 
determined to explore the relationship between urine periostin and plasma 
periostin, initial eGFR, and uPCr. The ESRD-free survival rates and other 
event-free survival rates were calculated using the Kaplan-Meier method, and 
comparison between groups was performed using the log-rank test. The Cox 
regression model was used to identify independent risk factors for ESRD, 
and to calculate the HR and 95% CI. Finally, receiver operating 
characteristics (ROC) analysis was used to calculate the area under the curve 
(AUC) for uPOSTN/Cr level and to find the best cut-off value to predict 
the outcome of ESRD. The in vitro and in vivo study results were analyzed 
using the Kruskal-Wallis nonparametric test for multiple comparisons. The 
ROC analysis was performed using R version 3.2.0 (R Foundation for 
Statistical Computing, Wien, Austria). Statistical significance was determined 
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at P < 0.05. The P-values are represented as * P < 0.05, ** P < 0.01, and 
*** P < 0.001 for all comparisons.
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RESULTS
Expression of Periostin and Fibrosis-Related Markers in a 
Unilateral Ureteral Obstruction model in Wild-Type and 
Periostin-Deficient Mice
To identify the role of periostin, we performed UUO operation in both WT 
mice and POSTN-KO mice. The gross appearance of the mouse kidney 1 
week and 2 weeks after the UUO is shown in Figure 1. At 1 week and 2 
weeks after the UUO, an increase in Col Iα1 and a decrease in the renal 
mass were detected. The IHC assay results showed that the expression of 
type I collagen and periostin were strongly induced 1 week after the UUO 
and became more pronounced 2 weeks after the UUO. The extent of the 
renal fibrosis after the UUO was significantly lower in the POSTN-KO mice 
than in the WT mice. In the morphometric analysis, the collagen positive 
area was significantly increased in the WT mice (P < 0.001), and the 
POSTN-KO mice showed less fibrous tissue (P < 0.05) in the UUO 1-week 
model than the WT mice (P < 0.001 for others) (Figure 2A). 
Fibrosis-related genes, such as Col Iα1, fibronectin, αSMA, and 
FSP-1 mRNA, were increased in the wild-type mice (P < 0.001) and were 
significantly decreased in the periostin KO mice (P < 0.05 for Col Iα1 and 
fibronectin; P < 0.01 for αSMA; and P < 0.001 for FSP-1). Additionally, 
TGF-β expression was strongly induced by the fibrosis-related markers 
(Figure 2B). The expression of the fibrosis-related genes was more 
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prominently increased 2 weeks after the UUO (Figure 3). Although the gene 
expression differences between the WT mice and the POSTN-KO mice were 
intense, the αSMA protein levels showed a pattern that was similar to that 
observed in previous results (Figure 2C). To determine whether periostin 
could play a role as a fibrosis marker, we examined periostin mRNA 
expression and verified the upregulation of periostin, which was accompanied 
by the upregulation of other fibrosis-related genes (P < 0.001). Moreover, 
the periostin protein levels were markedly increased in the UUO mice 
compared to those in the sham mice (Figure 2D). In summary, periostin and 
the fibrosis-related markers are highly induced in the kidneys by the UUO 
model and were attenuated in the POSTN-KO mice.
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Figure 1. Gross appearance of the mouse kidney at 1 week and 2 weeks 
after the UUO 
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Figure 2. Fibrosis-related markers are highly induced by the UUO model 
and attenuated in the POSTN-KO mice. 
A. Sirius Red staining, Masson’s trichrome staining (MTS), type I collagen 
and periostin IHC sections in WT and POSTN-KO mice harvested 1 week 
and 2 weeks after the UUO operation are shown. The original magnification 
was ×100 for the Sirius Red staining, MTS, and type I collagen IHC and 
×40 for the POSTN IHC. Five to seven fields were randomly selected from 
each kidney, and the red- or brown- stained area per total area, which 
reflects interstitial fibrosis, was quantified using a computer-based 
morphometric analysis software.
B. Quantification of POSTN and fibrosis-related mRNA shows that the 
increase in these indexes that was induced by the 1-week UUO model was 
attenuated in the POSTN-KO mice. C. Protein expression showed the 
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UUO-induced synthesis of αSMA. 
D. Periostin ELISA confirmed that an increase in the synthesis of POSTN 
occurred in the UUO model. 
Eight mice per strain were used in the sham group, fifteen mice were used 
in the WT UUO group, and sixteen mice were used in the KO-UUO group. 
Error bars represent the SEMs (*:P < 0.05, **:P < 0.01, ***:P < 0.001).
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Figure 3. The 2-week UUO model showed a more prominent increase in 
fibrosis and inflammatory markers. 
Two weeks after the UUO operation, the fibrosis- and inflammation-related 
mRNA expression showed a more prominent change than that observed in 
the 1-week model in the WT and POSTN-KO mice. Six and eight mice per 
strain were used in the WT and POSTN-KO sham groups, and fifteen mice 
were used in both UUO groups. Error bars represent the SEMs (*:P < 0.05, 
**:P < 0.01, ***:P < 0.001).
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Expression of Inflammatory Markers in the UUO model in 
Wild-Type and Periostin-Deficient Mice
The UUO induces a strong inflammatory response and contributes to 
fibrosis. The qRT-PCR results showed that the mRNA expression levels of 
inflammatory cytokines, such as MCP-1, IFN-γ, and IL-6, were significantly 
increased in the WT mice and were decreased in the POSTN-KO mice 
(Figure 4A).
Macrophage, T-cell and neutrophil infiltration was evaluated using 
anti-F4/80, anti-CD3, and anti-neutrophil antibody immunofluorescence (IF), 
respectively in the 1-week UUO model. The immunostaining results showed 
a decreased infiltration of inflammatory cells in the POSTN-KO mice 
(Figure 4B). The decreased macrophage infiltration might be caused by the 
decreased expression of the proinflammatory cytokines.
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Figure 4. Inflammation markers are highly expressed in the UUO model and 
attenuated in the periostin-deficient mice. 
A. Quantification of MCP-1, IFN-γ, and IL-6 mRNA shows that the 
increase in these indexes that was induced by the 1-week UUO model was 
attenuated in the POSTN-NO mice. 
B. Macrophage, T-cell and neutrophil infiltration was evaluated by F4/80 
(red-upper), CD3 (green), and anti-neutrophil (red-lower) antibody 
immunofluorescence and confocal microscopy (original magnification, × 600). 
23
In the 1-week UUO model, a decrease in the infiltration of various 
inflammatory cells was observed in the POSTN-KO mice. 
Eight mice per strain were used in the sham group, fifteen mice were used 
in the WT UUO group, and sixteen mice were used in the KO-UUO group. 
Error bars represent the SEMs (*:P < 0.05, **:P < 0.01, ***:P < 0.001).
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Effects of Recombinant TGF-β and Recombinant Periostin 
in Primary Cultured Inner Medullary Collecting Duct Cells
We performed in vitro experiments using primary cultured IMCD cells to 
evaluate the cellular mechanisms that are associated with the fibrosis 
induction. The administration of rTGF-β increased periostin mRNA and 
FSP-1 protein expression in WT-IMCD cells in a dose-dependent manner 
(Figure 5A). The cell morphology was changed by the administered 
components, and rTGF-β plus rPOSTN resulted in the most prominent 
morphologic changes (Figure 5B). The combined administration of rTGF-β 
and rPOSTN synergistically stimulated periostin mRNA expression, and the 
mRNA expression was higher after the combined administration than after 
the individual administration of each component (Figure 5B). We induced 
fibrosis by rTGF-β, rPOSTN, or their combination and compared the 
responses in both WT and POSTN-KO mice cells. The results showed that 
αSMA mRNA expression was increased by the administration of rPOSTN, 
and a change in the cellular morphology was observed even though the 
intensity was lower than that observed with the administration of rTGF-β (P 
< 0.001; Figure 5B-C). The αSMA mRNA expression was attenuated in the 
POSTN-KO mice cells compared to that in the WT mice cells (Figure 5C). 
The αSMA protein also showed a similar tendency with a higher expression 
in the WT mice (Figure 5D). In summary, rTGF-β increased periostin 
expression by inducing the fibrotic environment, and rPOSTN individually 




Figure 5. The role of periostin in the in vitro fibrosis induction. 
A. Recombinant TGF-β (rTGF-β) induced POSTN mRNA expression in 
primary cultured IMCD cells in a dose-dependent manner. The cells were 
treated with 5 or 10 ng rTGF-β for 72 hours, which resulted in a 
simultaneous increase in the FSP-1 protein expression.
B. Cell morphology was prominently changed by the administration of 
rTGF-β or recombinant POSTN (rPOSTN). Periostin mRNA expression was 
increased by the fibrosis induction with rTGF-β (5 ng/mL) or rPOSTN (1 
µg/mL) in primary cultured IMCD cells. The combined administration of 
rTGF-β and rPOSTN showed a synergistic stimulation of periostin mRNA 
expression compared to that observed following the individual administration 
of rTGF-β or rPOSTN.
C. The αSMA mRNA expression that was induced by rTGF-β and rPOSTN 
was attenuated in the POSTN-KOmicecells.
D. The protein expression of αSMA showed a similar increase and 
attenuation pattern in the WT and POSTN-KO mice cells.
Error bars represent the SEMs (*:P < 0.05, **:P < 0.01, ***:P < 0.001).
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Expression of Integrin and the Effect of Integrin Blockade
Periostin is known as a ligand of integrin, and our experiment showed an 
increased expression of integrin αν, β3, and β5 mRNA in the UUO model. 
The integrin expression pattern was similar to that observed in other 
fibrosis-related mRNA (Figure 6A). The in vitro administration of rTGF-β 
or rPOSTN to primary cultured IMCD cells from WT mice increased the 
expression of integrin mRNA. However, the elevated patterns in the groups 
treated with rPOSTN alone and those treated with rTGF-β + rPOSTN were 
different according to the integrin subtypes. A synergistic effect of rTGF-β 
+ rPOSTN was not observed in any of the components except for integrin 
β3 (Figure 6B). Based on these results, integrin was thought to participate 
in renal fibrosis, and the integrin-blocking tetrapeptide Arg-Gly-Asp-Ser 
(RGDS) peptide was administered to block the POSTN-binding pathway. The 
treatment with RGDS decreased the Col Iα1, fibronectin, and αSMA mRNA 
expression levels in both the WT and KO mice cells. The degree of 
fibrosis-related mRNA expression and its reduction by RGDS were more 
prominent in the WT mice cells than in the KO mice cells, which has also 
been shown in other results. The elevated αSMA mRNA expression caused 
by rPOSTN was significantly decreased by the combined RGDS 
administration to the WT mice cells (P < 0.01; Figure 6C). 
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Figure 6. Integrin association with the UUO-induced fibrosis and integrin 
blockade fibrosis induction. 
A. The UUO-induced increase of integrin αν, β3, and β5 mRNA expression 
was blunted in the POSTN-KO mice.
B. The elevated patterns of integrin mRNA expression in the groups treated 
with rPOSTN alone (1 µg/mL) and rTGF-β (5 ng/mL) + rPOSTN (1 
µg/mL) were different across the integrin subtypes. There was no synergistic 
effect of rTGF-β + rPOSTN compared to the effect of each of the 
components individually except for integrin β3.
C. Treatment with RGDS decreased Col Iα1, fibronectin, and αSMA mRNA 
expression levels in both the WT and POSTN-KO mice cells. The degree of 
fibrosis-related mRNA expression was higher in the WT mice cells than in 
the POSTN-KO mice cells.
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Effect of Periostin Blockade in In Vivo and In Vitro 
Fibrosis Models
To determine whether the beneficial effects of the periostin inhibition in 
attenuating tissue fibrosis were also producible by an anti-POSTN antibody, 
we evaluated the severity of fibrosis in kidneys from WT mice that were 
treated with an aPOSTNab or an isotype IgG on 4 separate days following 
the UUO (days 0, 2, 4, and 6). Based on images of the kidney sections 
that were stained with Sirius Red and type I collagen IHC, the kidneys 
from the WT UUO and UUO + isotype IgG groups had increased fibrosis 
compared to those in the WT sham group. The treatment with aPOSTNab 
significantly attenuated the fibrosis in the UUO kidneys. In the 
morphometric analysis, the collagen positive area increased in the WT mice 
(P < 0.001), and the mice that were treated with aPOSTNab showed a 
significant decrease in fibrous tissue (P < 0.001, Figure 7A). 
The administration of aPOSTNab in the UUO model significantly reduced 
the Col Iα1, αSMA and MCP-1 mRNA expression compared to that 
observed in the UUO or UUO + isotype IgG groups (Figure 7B). 
Fibronectin, ILK and FAK mRNA expression showed a tendency that was 
similar to that observed in the other fibrosis-related proteins (Figure 7B). 
The fibrosis-related protein also showed a decrease in expression after the 
aPOSTNab injection (Figure 7C). The anti-F4/80 IF revealed a decrease in 
macrophage infiltration in the UUO + aPOSTNab groups compared with that 
in the UUO group (39.2 ± 6.7% vs. 60.0 ± 11.3%, respectively), which was 
correlated with the MCP-1 mRNA expression (Figure 7D). Apoptotic 
markers, such as p53, and the TUNEL assay were also evaluated, and a 
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similar decrease in the aPOSTNab treatment group was observed (P < 0.01 
for the TUNEL, P < 0.001 for p53 mRNA). Anti-apoptotic Bcl-2 showed 
the opposite tendency; and its lowest expression occurred in the UUO group 
(P < 0.05) and a significant increase occurred in the aPOSTNab group (P 
< 0.01, Figure 7E). The in vitro study showed similar results in that the 
administration of rPOSTN more prominently increased αSMA, Col Iα1, and 
fibronectin mRNA expression in the WT mice cells than in the POSTN-KO 
mice cells. The administration of aPOSTNab attenuated the rPOSTN-induced 
fibrosis in the WT mice cells (Figure 7F). Taken together, the periostin 





Figure 7. Periostin blockade by an anti-POSTN polyclonal antibody 
(aPOSTNab) attenuated fibrosis and inflammation. 
A. Sirius Red staining and type I collagen IHC showed that the kidneys 
from the WT UUO and UUO + isotype IgG groups had increased fibrosis 
compared to that in the WT sham group (UUO 1-week model). Treatment 
with aPOSTNab significantly attenuated the fibrosis in the UUO kidney.
B. Administration of aPOSTNab in the UUO model significantly reduced 
Col Iα1, αSMA and MCP-1 mRNA expression compared to that in the 
UUO or UUO + isotype IgG groups. Fibronectin, integrin-linked kinase 
(ILK) and focal adhesion kinase (FAK) mRNA expression showed a 
tendency that similar to that observed in the other proteins.
C. An increase in type I collagen, fibronectin and αSMA protein expression 
occurred after UUO was attenuated with aPOSTNab.
D. Macrophage infiltration was evaluated by F4/80 (green) 
immunofluorescence and confocal microscopy (original magnification, × 200) 
in the 1-week UUO model, and the results showed a decreased infiltration 
of macrophages after the administration of aPOSTNab. In the UUO + 
aPOSTNab group, MCP-1 mRNA expression was decreased. 
E. Apoptotic markers, such as p53 mRNA expression, and the TUNEL 
assay showed a similarly decreased pattern in the aPOSTNab treatment 
group. Anti-apoptotic Bcl-2 mRNA showed an inversed pattern with a 
decreased expression in the UUO group and a marked expression in the 
UUO + aPOSTNab group.
F. Treatment with aPOSTNab decreased the Col Iα1, fibronectin, and αSMA 
mRNA expression levels in both the WT and POSTN-KO mice cells. 
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Baseline Characteristics by Urine and Plasma POSTN 
Grouping
The study flow chart is shown in Figure 8. The distribution of plasma 
periostin, the uPOSTN/Cr levels of healthy subjects and of IgAN patients, 
and the natural logarithm transformed (ln) uPOSTN/Cr level of these patients 
are shown in Figure 9A, 9B and 9C, respectively. Table 1 summarizes 
baseline characteristics of the study populations by uPOSTN/Cr level; 148 
patients who had undetected uPOSTN level by ELISA were categorized into 
group 1. Remaining patients with uPOSTN levels measured by ELISA were 
divided into group 2 and group 3 by the median value (median uPOSTN/Cr, 
628.1 pg/mgCr). Systolic and diastolic blood pressures were higher and 
eGFR at the time of renal biopsy was lower in group 3. Pathologic 
classifications were compared between groups, and patients with advanced 
grades or classes were distributed significantly more in group 3 (Table 1). 
Total follow-up duration was 27.1 months, and that of groups 1, 2, and 3 
was 20.9, 29.1, and 32.9 months, respectively (P < 0.001).
The quartile groups by plasma periostin level did not show 
significant differences in most of the parameters between groups (Table 2). 
In correlation analysis, uPOSTN/Cr was weakly associated with plasma 
POSTN (r = 0.232; P = 0.007; Figure 9D). Urinary POSTN/Cr showed 
negative correlation with eGFR at the time of renal biopsy (r =‑0.245; P 
= 0.001; Figure 9E) and showed no significant relationship with uPCr 
(Figure 9F). 
Figure 7G-7I shows the ln-uPOSTN/Cr levels in significant 
pathologic findings. The patients with IF/TA (P = 0.003; Figure 9G), 
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interstitial inflammation (P = 0.046; Figure 9H), and hyaline 
arteriolosclerosis (P = 0.013; Figure 9I) showed higher ln-uPOSTN/Cr levels 
than the others.
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Figure 8. Flow chart of IgA nephropathy patients in the cohort.
We reviewed the medical records of 399 individuals and collected data of 
345 patients.
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Urine POSTN/Cr (pg/mgCr)* 0 208.6 
(8.6-614.5)


















Age (year) 38.3±15.2 40.5±15.5 43.1±14.2 40.2±15.1 0.066
Male Sex (%) 48.6 60.2 38.6 49.0 0.020
BMI (kg/m2) 23.0±3.5 23.5±3.1 22.5±3.3 23.0±3.3 0.417
Systolic BP (mmHg) 122.6±17.6 119.5±17.8 127.0±20.4 122.9±18.5 0.039c
Diastolic BP (mmHg) 77.0±13.4 76.0±11.4 81.5±12.9 77.9±12.9 0.013bc
Comorbidity DM (%) 3.5 4.9 7.4 4.9 0.423
HBV
infection (%)
3.2 4.0 5.2 4.0 0.773









Serum creatinine (mg/dL) 1.24±1.22 1.38±1.56 1.53±1.16 1.35±1.31 0.255
IDMS-MDRD eGFR
(mL/min/1.73m2)
80.6±34.5 74.1±31.2 58.7±27.3 73.1±33.0 <0.001bc
Serum albumin (g/dL) 3.8±0.6 4.0±0.4 3.7±0.5 3.8±0.5 0.004cd
Cholesterol (mg/dL) 191.7±43.0 182.2±34.2 186.3±34.9 187.8±38.9 0.199
Uric acid (mg/dL) 5.9±1.8 6.0±1.5 6.5±1.8 6.1±1.7 0.025b
hs-CRP (mg/dL) 0.32±0.60 0.21±0.53 0.35±1.08 0.29±0.72 0.509
Spot urine Protein/Cr 
(g/g Cr)
1.96±2.30 1.56±2.61 1.78±1.93 1.81±2.30 0.449
Patients with spot urine 
protein/Cr ≥ 1 g/gCr (%)
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17.8 8.1 8.6 11.9 <0.001
Class II 49.3 54.8 15.5 40.9
Class III 24.7 21.0 22.4 22.8
Class IV 4.1 9.7 34.5 15.0
Class V 4.1 6.5 19.0 9.3
Lee SMK
Grade I
2.3 2.6 4.5 2.9 0.001
Grade II 34.6 21.8 28.8 29.6
Grade III 44.4 60.3 27.3 44.8
Grade IV 14.3 14.1 25.8 17.0
Grade V 4.6 1.3 13.6 5.8
Haas
Class I
2.3 2.6 6.1 3.2 0.048
Class II 5.3 1.3 6.1 4.3
Class III 28.6 23.1 22.7 25.6
Class IV 51.9 60.3 36.4 50.5
































12.4 8.6 27.8 15.4 0.001
 Segmental sclerosis 5.6±7.6 6.1±7.5 8.5±10.2 6.5±8.4 0.048c
40
Note: Values for categorical variables are given as percentage; values for 
continuous variables, as mean ± standard deviation.
Abbreviations: POSTN, periostin; Cr, creatinine; BMI, body mass index; BP, 
blood pressure; DM, diabetes mellitus; HBV, hepatitis B virus; IDMS, 
isotope dilution mass spectrometry traceable; eGFR, estimated glomerular 
filtration rate; CRP, C-reactive protein; IFTA, interstitial fibrosis/tubular 
atrophy; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II 
receptor blocker.
* Data were expressed as median (min-max).
a Mean value of severity was calculated by none (0), mild (1, ≤ 25%), 
moderate (2, 26-50%), severe (3, > 50%).
b P < 0.05 at post-hoc analysis between group 1 and 3
c P < 0.05 at post-hoc analysis between group 2 and 3





19.3±22.3 19.5±20.9 30.5±24.3 22.2±22.9 0.001cd
 
Segmental+global
sclerosis (mean of %)
24.9±24.8 25.7±24.7 38.9±27.1 28.7±26.0 <0.001cd
 Crescent (mean of %) 1.3±3.8 0.7±2.5 2.3±6.6 1.4±4.5 0.060
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Age (year) 40.2±12.7 40.1±15.5 35.0±15.1 40.8±15.2 39.0±14.8 0.051
Male Sex (%) 53.9 43.4 50.0 51.3 49.7 0.609
















77.2±13.2 75.8±11.6 76.9±13.9 80.4±11.2 77.6±12.6 0.137




















1.59±2.20 1.16±0.59 1.47±1.21 1.25±0.92 1.37±1.37 0.204
IDMS_eGFR   
(mL/min/1.73m2)
76.1±35.9 74.7±31.1 74.9±38.2 70.6±27.3 74.1±33.3 0.751













Uric acid (mg/dL) 6.2±1.9 5.9±1.8 6.0±1.7 6.3±1.6 6.1±1.8 0.496
hs-CRP (mg/dL) 0.24±0.45 0.21±0.54 0.23±0.54 0.44±1.09 0.28±0.69 0.266
Spot urine Prot/Cr
(g/gCr)







15.2 11.1 8.3 11.1 10.9 0.679
Class II 42.4 44.4 41.7 41.3 42.2  
Class III 21.2 13.9 26.7 25.4 22.9  
Class IV 6.1 25.0 15.0 15.9 15.6  
Class V 15.2 5.6 8.3 6.3 8.3  
LeeSMK
Grade I
1.4 6.0 0 3.1 2.5 0.214
Grade II 34.2 28.4 25.4 25.0 28.4  
Grade III 37.0 46.3 50.7 51.6 46.2  
Grade IV 23.3 16.4 14.1 15.6 17.5  
Grade V 4.1 3.0 9.9 4.7 5.5  
Haas
Class I
1.4 9.0 0 1.6 2.9 0.104
Class II 8.2 4.5 0 6.3 4.7  
Class III 27.4 22.4 23.6 22.2 24.0  
Class IV 45.2 49.3 59.7 57.1 52.7  
Class V 17.8 14.9 16.7 12.7 15.6  
IFTA Severity
(score)a




21.9 20.5 20.6 21.3 21.1 0.313








18.7 13.6 17.4 17.6 16.7 0.533
Mesangial
hypercellularity (%)




44.7 47.4 45.3 42.1 44.9 0.934
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Note: Values for categorical variables are given as percentage; values for 
continuous variables, as mean ± standard deviation.
* Data were expressed as median (min-max).
Abbreviations: POSTN, periostin; Cr, creatinine; BMI, body mass index; BP, 
blood pressure; DM, diabetes mellitus; HBV, hepatitis B virus; IDMS, 
isotope dilution mass spectrometry traceable; eGFR, estimated glomerular 
filtration rate; CRP, C-reactive protein; IFTA, interstitial fibrosis and tubular 
atrophy; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II 
receptor blocker.
a Mean value of severity was calculated by none (0), mild (1, ≤ 25%), 
moderate (2, 26-50%), severe (3, > 50%).






18.4 9.2 13.3 19.7 15.2 0.246
Segmental sclerosis 
(mean of %)
6.3±7.6 6.1±8.5 7.1±8.5 6.6±7.5 6.6±8.0 0.712
Global sclerosis 
(mean of %)
24.1±24.5 20.0±20.2 23.4±25.1 21.7±22.6 22.3±23.1 0.778
Segmental+global
sclerosis (mean of %)
30.5±28.0 26.1±23.9 30.5±28.5 28.2±23.3 28.8±26.0 0.684
Crescent (mean of %) 0.8±2.9 0.9±2.7 1.7±4.9 1.8±6.1 1.3±4.4 0.299
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Figure 9. Relationships between uPOSTN/Cr and clinical parameters.
Distribution of (A) plasma periostin (ng/mL) and (B) uPOSTN/Cr in healthy 
control (CTL) compared with patients with IgA nephropathy, and as well as 
(C) natural log transformed (ln-) levels of uPOSTN/Cr. (D) Correlation 
between uPOSTN/Cr and plasma POSTN (r = 0.232, P = 0.007). (E) 
Correlation between uPOSTN/Cr and initial eGFR (r = -0.245, P = 0.001). 
(F) Correlation between uPOSTN/Cr and initial uPCR (r = 0.137, P = 
0.083). Ln-uPOSTN/Cr level (G) with or without interstitial fibrosis/tubular 
atrophy (IF/TA) (P = 0.003), (H) by interstitial inflammation (P = 0.046), 
and (I) by hyaline arteriolosclerosis (P = 0.013)
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Renal Outcomes
ESRD developed in 28 patients during the mean 27.1 months of follow-up. 
We evaluated the renal outcomes between group 1 + 2 and group 3 because 
baseline characteristics were significantly different particularly in group 3. 
All the renal outcomes with ESRD (P = 0.003), ESRD and/or eGFR 
decrease > 30% (P = 0.033), and ESRD and/or eGFR decrease > 50% (P = 
0.046) occurred significantly more in group 3 as per Kaplan-Meyer survival 
analyses (Figure 10A-10C). 
The patients with ESRD (P < 0.001), eGFR decrease >30% (P = 
0.002), and eGFR decrease > 50% (P = 0.046) showed higher 
ln-uPOSTN/Cr levels than patients without these renal outcomes (Figure 
10D-10F). We conducted multivariate analysis for the occurrence of ESRD. 
When we adjusted for age, sex, uPCr, and serum creatinine at the time of 
renal biopsy, and uPOSTN-based grouping, we found that uPCr (P < 0.001), 
serum creatinine (P < 0.001), and uPOSTN group 3 (hazards ratio, 2.839 
vs. group 1 + 2; confidence interval, 1.013-7.957; P = 0.047) independently 
associated with ESRD in IgAN patients (Table 3). 
We compared annual eGFR decrease (ΔeGFR/year) only in patients 
followed up for more than 1 year. The patients in group 3 (high 
uPOSTN/Cr), those with initial eGFR ≥60 ml/min/1.73 m2(P = 0.043) and 
< 60 ml/min/1.73 m2(P = 0.025), showed a rapid decline in renal function 
(Figure 11). 
The ROC analysis of urine periostin (pg/mgCr) in predicting ESRD 
in IgAN is illustrated in Figure 12. Urinary POSTN/Cr > 1354.5 pg/mgCr 
demonstrates a 74.1% specificity and 73.7% sensitivity for predicting ESRD 
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occurrence. The performance of uPOSTN/Cr at the time of renal biopsy in 
predicting ESRD is also demonstrated in Figure 12. There was only a weak 
effect of incremental increases in uPOSTN/Cr level on serum creatinine and 
uPCr levels.
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Figure 10. Renal outcome evaluation. 
Kaplan-Meier curve (A) for the occurrence of ESRD (log-rank P = 0.003), 
(B) for ESRD and/or eGFR decrease > 30% (log-rank P = 0.033), and (C) 
for the ESRD and/or eGFR decrease > 50% (log-rank P = 0.046) showed 
significant differences between group 1 + 2 and group 3. (D) The patients 
with ESRD (P < 0.001), (E) eGFR decrease > 30% (P = 0.002), and (F) 
eGFR decrease > 50% (P = 0.046) showed higher ln-uPOSTN/Cr levels 
than patients without renal outcome.
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Table 3. Multivariate analysis for the occurrence of ESRD
Abbreviations: POSTN, periostin; uPCr, urine protein/creatinine ratio; Cr, 
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Laboratory findings at the time of kidney biopsy
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Figure 11. Comparison of ΔeGFR/yr in the two groups (subcategorized by 
initial eGFR). 
We compared annual eGFR decrease (ΔeGFR/year) only in patients who 
were followed up for more than 1 year. (A) The patients in group 3 
showed a rapid decline in renal function both whose initial eGFR ≥ 60 
ml/min/1.73 m2 (P = 0.043) and (B) < 60 ml/min/1.73 m2 (P = 0.025) 
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Figure 12. ROC analysis and performance in predicting ESRD. 
Urinary POSTN/Cr > 1354.5 pg/mgCr demonstrates 74.1% specificity and 
73.7% sensitivity in predicting ESRD occurrence. The performance of 
uPOSTN/Cr at the time of renal biopsy in predicting ESRD is also 
demonstrated.
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Tissue Periostin Expression and Its Correlation with 
uPOSTN/Cr and Pathologic Findings in IgA Nephropathy
Among the 345 enrolled patients, only 75 unstained slides were available 
and used for conducting periostin IHC. The correlation between tissue 
periostin expression and uPOSTN/Cr is demonstrated in Figure 13. Periostin 
highly stained in patients with high uPOSTN/Cr level (Figure 13A). In 
morphometry analysis for periostin IHC slides, patients with a high 
uPOSTN/Cr level showed higher tissue periostin expression (Figure 13B). 
There was a positive correlation between uPOSTN/Cr and tissue POSTN (r 
= 0.292; P = 0.011; Figure 13C). On survival analysis for ESRD occurrence 
by morphometry-result based grouping, ESRD occurred only in patients with 
high tissue periostin expression (P = 0.003; Figure 13D).
To evaluate the tissue expression of periostin in a human disease 
model that progressed to fibrosis, we performed Masson’s trichrome staining 
(MTS) and periostin IHC along with a morphometric analysis. The fibrotic 
area correlated with the increased tissue periostin expression, and the 
intensity increased with the severity of the IFTA (Figure 14A). The tissue 
periostin positive area increased with the severity of IFTA and 
arteriolosclerosis (Figure 14B). The characteristics of the 75 patients who 
were used in this analysis are shown in Table 4. The tissue periostin values 
were measured by morphometry and were divided into tertiles, and the three 
groups were compared. In conclusion, tissue periostin expression was closely 
associated with a low renal function, tissue IFTA and vessel changes in IgA 
nephropathy patients. 
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Figure 13. Tissue periostin expression and uPOSTN in IgAN patients. 
(A) Periostin immunohistochemistry in IgAN patients (original magnification: 
× 50) (B) Morphometry results for periostin positive area (%) in uPOSTN 
two groups (P < 0.001) (C) Correlation between ln-uPOSTN/Cr and 
morphometry result (r = 0.292, P =0.011) 
(D) Kaplan-Meier curve for the occurrence of ESRD according to 
morphometry positivity area (%)–based grouping (lower than the median 
value vs. high than the median value). The ESRD occurred only in the 
patients with high tissue periostin expression (log-rank P = 0.003).  
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Figure 14. Periostin also acts as a fibrosis-related marker in human IgA 
nephropathy (IgAN) patients 
A. Periostin IHC of IgAN patients showed that the fibrotic area correlated 
with the increased tissue periostin expression, and the intensity increased 
with the severity of IFTA (original magnification, × 100).
B. When we evaluated a total of 75 IgAN slides, the tissue periostin 
positivity area increased with the severity of IFTA. Tissue periostin 
expression also increased in patients with arteriolosclerosis.
(*:P < 0.05, **:P < 0.01, ***:P < 0.001).
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Table 4. Clinical characteristics of the 75 IgA nephropathy patients who 











uPOSTN/Cr (pg/mL) 975.5±1929.9 982.2±1115.7 2902.0±3149.5 1619.9±2379.4
Age (year) 38.9±14.8 39.4±12.1 46.0±14.7 41.4±14.1 0.142
Male sex (%) 44.0 40.0 56.0 46.7 0.498
BMI (kg/m2) 23.4±3.6 22.7±2.9 22.8±3.6 22.9±3.3 0.745
Systolic BP (mmHg) 120.6±12.5 122.0±13.7 134.3±19.2 125.6±16.4 0.005cd
Diastolic BP (mmHg) 75.9±11.6 78.0±9.6 85.3±10.5 79.7±11.3 0.008c
DM (%) 4.0 4.2 4.2 4.1 0.999
Serum IgA level (mg/dL) 275.5±88.4 272.0±75.8 326.7±94.2 290.9±88.8 0.069
Serum creatinine (mg/dL) 0.97±0.23 1.06±0.29 1.98±1.13 1.34±0.82 <0.001cd
IDMS-MDRD eGFR
(mL/min/1.73 m2)
80.6±24.5 71.7±21.9 42.4±21.9 64.9±27.9 <0.001cd
Serum albumin (g/dL) 3.9±0.4 4.0±0.3 3.7±0.6 3.9±0.5 0.073
Cholesterol (mg/dL) 183.3±34.3 183.5±28.8 198.3±54.4 188.3±40.7 0.342
Uric acid (mg/dL) 5.8±1.3 5.3±1.2 7.2±1.5 6.1±1.6 <0.001cd
hs-CRP (mg/dL) 0.28±0.58 0.10±0.23 0.34±0.83 0.23±0.59 0.393
Spot urine protein/Cr
(g/gCr)
1.14±0.96 0.88±0.78 2.67±2.13 1.54±1.59 <0.001cd
Patients with spot urine 
protein/Cr ≥ 1 g/gCr (%)
44.0 20.8 73.9 45.8 0.001
IFTA Severity
(score)a
1.00±0.5 1.08±0.28 1.52±0.60 1.18±0.52 0.001cd
Moderate to 
severe (%)b





0.96±0.54 1.08±0.40 1.36±0.58 1.13±0.53 0.027c
Moderate to 
severe (%)
12.0 12.0 40.9 20.8 0.036
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Values for the categorical variables are shown as percentages; values for the 
continuous variables are shown as the means ± standard deviation.
Abbreviations: BMI, body mass index; Cr, creatinine; BP, blood pressure; 
DM, diabetes mellitus; IDMS, isotope dilution mass spectrometry traceable; 
eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; IFTA, 
interstitial fibrosis/tubular atrophy. 
*The POSTN IHC morphometry results of 75 patients were divided into 
three groups by tertile values.
a The mean value of the severity was calculated as follows: none (0), mild 
(1, ≤ 25%), moderate (2, 26-50%), severe (3, > 50%).
b In morphometry tertile group 3, 4 patients were excluded from the 
analysis due to missing interstitial fibrosis / tubular atrophy information in 
the pathology readings. 
c P < 0.05, post hoc analysis between groups 1 and 3
d P < 0.05, post hoc analysis between groups 2 and 3
Vessel Fibrointimal
thickening (%)




0.0 0.0 40.0 13.3 <0.001
Segmental sclerosis 
(mean of %)
5.0±6.1 8.2±9.4 10.2±13.3 7.8±10.1 0.199
Global sclerosis 
(mean of %)
11.9±10.8 17.4±10.9 43.3±25.9 24.2±22.0 <0.001cd
Crescent (mean of %) 0.3±1.1 0.4±1.7 1.6±7.6 0.8±4.5 0.532
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DISCUSSION
This study shows that periostin production is increased by the induction of 
fibrosis both in vitro and in vivo, and fibrosis is potentiated by rPOSTN. 
The POSTN-KO mice showed a more preserved kidney structure and less 
fibrous tissue. The integrin αν, β3, and β5 mRNA expression levels were 
increased by the fibrosis induction, and cell fibrosis was decreased by the 
RGDS peptide. Moreover, the periostin blockade was performed both in 
vitro and in vivo using POSTN-KO mice and the administration of a 
polyclonal aPOSTNab. Moreover, in biopsy-proved IgA nephropathy patients, 
a higher uPOSTN/Cr level at renal biopsy is associated with a greater 
decline in eGFR during follow-up and occurrence of ESRD. Pathologic 
findings such as IFTA, interstitial inflammation, and hyaline arteriolosclerosis 
were also related with a high uPOSTN/Cr level. Tissue periostin expression 
was correlated not only with uPOSTN/Cr but also with the IFTA grades and 
renal outcome.
TGF-β and its downstream Smad cascade is the most important and 
well-known pathway in kidney fibrosis, and the administration of a 
neutralizing antibody against TGF-β showed favorable results in several 
animal studies.29-31 However, the use of the TGF-β neutralizing antibody in 
clinical trials failed to show consistent results and was associated with 
serious adverse events.32,33 Although recent studies using TGF-β inhibitors 
showed an attenuation of kidney fibrosis or a decline in renal function, the 
abrogation of the anti-inflammatory and anti-tumorigenesis effect of TGF-β 
signaling is a major concern.34-37 
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Periostin is a nonstructural protein that is considered a new fibrosis 
marker and has an active role in potentiating fibrosis induction. Periostin is 
known to be expressed during renal development, but it is not expressed in 
the normal adult kidney.38 However, its increased expression has been 
associated with heart failure, myocardial infarction, muscle injury, asthma 
and several cancer developments and metastasis.9-12 Periostin is currently 
emerging as a marker of and therapeutic target for renal fibrosis, and related 
studies in various renal diseases have been published recently.13-19 
Our in vitro study results showed that periostin by itself weakly 
induces fibrosis and mostly potentiates TGF-β-induced fibrosis. Additionally, 
the POSTN-KO mice showed less fibrosis development, including TGF-β 
mRNA expression, but a more prominent fibrosis induction than the control 
group. These results suggest that a dual mechanism is involved in 
periostin-induced fibrosis via both direct and indirect TGF-β pathways. 
Previous investigations have shown that TGF-β induces periostin 
expression,19,39 and periostin induces proinflammatory cytokines that increase 
inflammatory cells, which, in turn, produce TGF-β.40,41 This inflammatory- 
and fibrotic tissue injury-related vicious cycle impairs kidney construction 
and function.
Our results showed that the periostin blockade attenuated renal 
fibrosis by decreasing the inflammatory influx of cytokines and fibrotic 
signaling. Previous research studies have shown that a decreased periostin 
expression inhibited TGF-β synthesis,42 and in a recent investigation of 
periostin blockade, a protective effect was elicited by blocking TGF-β
-pSmad3 signaling and the anti-inflammatory effect.19 Moreover, the periostin 
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blockade did not show any type of serious adverse effect in this study. 
When we combined the results of this study and those reported by 
previously conducted studies in different organs, periostin emerges as a 
marker of various organ failures, and its antagonism could be widely 
applied, but further investigations are needed. 
In this experimental study, the impact of periostin on renal fibrosis 
was more prominent in the in vivo model than in the in vitro model. In the 
in vitro experiment, the rPOSTN administration resulted in fewer fibrotic 
changes than the TGF-β treatment. However, when we performed the UUO 
operation, the mRNA expression levels of fibrosis-related proteins and 
periostin were minimally increased and were maximally more than 150-fold 
those in the WT mice. In the POSTN-KO mice, markedly attenuated 
responses were observed repeatedly. The complicated fibrosis cascade and 
microenvironments cannot be perfectly reproduced in vitro. It appears that 
the cell-to-cell interaction in tissue and the active communication and 
crosstalk between the increased ECM and fibrosis-related molecules are 
important for fibrosis induction and potentiation.
Inflammatory markers showed a tendency that was similar to that of 
the fibrosis-related markers, i.e., increases in the WT mice and decreases in 
the POSTN-KO mice. Because fibrosis is an outcome of a failed healing 
process of inflammation, attenuating the inflammatory process could be an 
important mechanism for reducing fibrosis in POSTN-KO mice. Various 
inflammatory cells, such as macrophages, T-lymphocytes, and neutrophils, 
and related inflammatory cytokines were evenly involved in these processes.
We also examined the expression of p53, which is known to 
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interact with pSmad3 and other transcriptional cofactors to promote fibrosis 
in the TGF-β-related cell signaling pathway.43,44 Previous studies reported 
that the obstructed kidneys in p53+/- and p53-/- mice exhibited an attenuation 
of renal tubular and interstitial cell apoptosis compared with those in p53+/+ 
mice.45 The TUNEL assay showed that apoptosis was decreased in the 
POSTN-KO mice compared to that in the WT mice, and anti-apoptotic bcl-2 
mRNA expression was inversely correlated with p53 and the TUNEL assay.
We antagonized the periostin effect in 3 ways. First, we performed 
a fibrosis induction and evaluated the fibrosis-related markers similarly in 
both WT and POSTN-KO mice. Second, we blocked the integrin-binding 
pathway using RGDS. Third, we used a neutralizing polyclonal aPOSTNab, 
which was not used in previous studies. All these methods commonly 
showed an attenuated expression of the fibrosis-related markers compared to 
those in a positive control group; however, the decreased fibrosis was more 
prominent in the in vivo studies. The aPOSTNab decreased tissue fibrosis, 
the fibrosis-related mRNA expression, and protein expression. Until recently, 
a commercial anti-POSTN neutralizing monoclonal antibody (aPOSTNmab) 
had not been available. The production of and treatment with aPOSTNmab 
is needed, and it can be a worthy pursuit to identify other therapeutic 
targets for the treatment of renal fibrosis. 
Evidence for periostin as a biomarker in specific renal disease is 
now emerging.13,15,17,18,46 However, no previous reports on the association of 
periostin and IgAN exist, although IgAN is the most common 
glomerulonephritis worldwide. Our results showing a relation between higher 
uPOSTN/Cr levels and severe renal fibrosis and poor renal outcomes in 
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IgAN are consistent with those from previous studies on other renal 
diseases. We further compared the tissue periostin expression using different 
IFTA grades and found that the tissue periostin positive area increased with 
the severity of IFTA. Fibrotic tissue contains periostin, and it can be 
secreted in urine and detected in the early stage of fibrosis.
Urine POSTN/Cr level was correlated with plasma periostin, but 
plasma periostin failed to show significant correlations with various other 
parameters. With regard to renal disease, renal periostin expression has been 
reported in both glomerulosclerosis and renal tubular fibrosis. Given its 
nature, serum periostin levels can be affected by systemic conditions in 
many organs or tissues. However, urine periostin level can be directly 
affected by local renal tissue periostin expression, especially through tubular 
secretion. Although we adjusted uPOSTN by urine creatinine level in this 
study because we considered that every urine sample was diluted differently, 
only 4 patients were classified into a different group when we used direct 
uPOSTN level without creatinine adjustment. This finding also shows the 
possibility that most of the periostin in the urine comes from the tubules. 
Moreover, uPOSTN/Cr level was well correlated with tissue periostin 
expression, and tissue periostin expression affected renal outcome. It is 
difficult to draw a definitive conclusion, as uPOSTN might be mainly pulled 
by tubular secretion than glomerular filtration.
In IgAN-related research, ESRD is a difficult renal outcome to 
study because of the takes a long time from diagnosis to onset. However, 
this study showed a significant difference in the occurrence of ESRD 
between the lower uPOSTN level group (group 1+2) and the higher 
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uPOSTN level group (group 3) during the 2.25 years of mean follow-up. 
This may imply that poor renal outcome is related to baseline 
characteristics, such as eGFR at the time of renal biopsy. Annual loss of 
eGFR (ΔeGFR/year) in patients with IgAN is known to vary from -8.4 to 
32.3 ml/min/1.73 m2,47,48 and the proportion of progression to ESRD is 
between 6% and 43% over 10 years. Periostin is associated with renal 
fibrosis, and it would be naturally associated with a decrease in eGFR. To 
overcome the different follow-up duration and significantly different baseline 
eGFR between the groups, we divided the patients by initial eGFR (60 
ml/min/1.73 m2)andthencomparedΔeGFR/year between the groups to express 
and assess the independent effect of periostin on renal outcomes. In this 
analysis, the commonly high uPOSTN/Cr population had a significantly high 
ΔeGFR/year. Moreover, when we adjusted for age, sex, uPCr, and serum 
creatinine at the time of renal biopsy, categorization into group 3 was 
independently associated with ESRD occurrence. 
Because uPOSTN/Cr levels were correlated with tissue periostin 
expression in various analyses and plasma periostin levels were not 
correlated with tissue findings, there is a high probability that uPOSTN was 
excreted from local kidney tissue and reflects the tissue periostin 
concentration. Finding urinary biomarkers for specific disease entities is 
useful and has various advantages such as convenient sample collection, 
highly specificity to local renal expression, and non-invasiveness. Until now, 
the diagnosis of IgAN is based on histological confirmation, hence urinary 
biomarkers cannot replace kidney biopsy. There have been many 
classifications and pathologic staging as efforts to predict the prognosis of 
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IgAN, and the efforts are continued. These findings, together with those of 
previous studies reported a correlation between tissue periostin expression 
and renal fibrosis (especially IFTA), uPOSTN measurement by ELISA is a 
useful tool to detect tissue periostin expression and to predict renal outcome.
A strength of this study is that all the urine, plasma, and tissue 
samples were collected at the same time and diagnostic point in each 
individual disease course. Moreover, as all the patients in this study were 
included in prospective cohort, researchers were able to collect patients’ 
serial follow-up data after diagnosis. The major limitation of this study is 
that the ELISA kit was not sensitive enough and the uPOSTN level was too 
low to be detected. There were 148 patients with an undetectable POSTN 
level, who were categorized separately into group 1. This made the patients 
with undetectable uPOSTN level to be excluded in the quantitative analysis 
such as ROC and this might have caused selection bias. Even though there 
have been at least 100 articles published about serum POSTN, there are 
only limited reports about “urine” POSTN. This may be due to the 
difficulty in detecting uPOSTN using commercially available ELISA kits. In 
addition, most patients in this study underwent kidney biopsy and were 
enrolled between 2009 and 2012; therefore, MEST criteria in the Oxford 
classification could not be applied in the pathologic analysis although we 
recognize that it offers precise prediction and risk stratification.49-51 However, 
the IFTA scoring system used in this study was similar to the MEST 
criteria, with the same T score, and only endocapillary hypercellularity from 
the MEST criteria was not included in this study. In the VALIGA study, 
endocapillary hypercellularity did not predict poor renal outcomes. 
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Furthermore, in the effect sizes of pathology findings using the MEST 
criteria, the T score showed the greatest hazard ratio.50 Furthermore, due to 
the cross-sectional design of the relationship between uPOSTN/Cr levels and 
pathologic findings, only associations can be inferred. 
In summary, this study identified the role of periostin in renal 
fibrosis, and its blockade attenuated fibrogenesis in three ways as follows: 
via the TGF-β signaling pathway, the anti-inflammatory effect, and the 
anti-apoptotic pathway. To the best of our knowledge, this research study 
was the first trial to block periostin action by the administration of a daily 
injection of aPOSTNpab in vivo. This study also established a clear relation 
between high uPOSTN/Cr levels and renal fibrosis, high tissue periostin 
expression, low eGFR, and rapid decline in renal function in patients with 
IgAN, the most common glomerulonephritis worldwide. Periostin is a 
possible early-stage marker for renal fibrosis and a promising urinary 
biomarker for evaluation of renal fibrosis and prediction of renal outcome in 
IgAN. In addition, the aPOSTNmab may represent a promising translational 
opportunity to attenuate many fibrotic diseases.
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서론: 페리오스틴은 인테그린과 상호작용을 함으로써 조직 재생, 섬유화,
창상치유 등에 중요한 역할을 하는 matricellular protein 이다. 최근 페
리오스틴이 신장학 영역에서 하는 역할에 대한 관심이 증가하고 있다.
본 연구자는 신장 섬유화 과정에서 페리오스틴을 차단하는 것이 어떤 영
향을 미치는지와, IgA 신병증 환자에서 페리오스틴이 지니는 임상적 의
의를 연구하였다.
방법: 동물실험으로, 표준형 (wild-type) 마우스와 페리오스틴 결핍
(POSTN-KO) 마우스에서 일측요관폐쇄모델 (UUO)을 만들어 비교함으
로써 페리오스틴의 기능을 조사하였다. 생체 외 실험을 위해, wild-type
과 POSTN-KO 마우스에서 각각 초대 배양한 내수질집합관세포 (IMCD
cell)를 이용하였다. 인체의 질병과 관련한 연구를 위해서는, 314명의
IgA 신병증 환자에서 혈청과 요의 페리오스틴 농도를 엘라이자
(ELISA)로 측정하였다. 대상 환자들은 요 페리오스틴/크레아티닌 비
(uPOSTN/Cr) 값을 기준으로 다음의 세 그룹으로 분류하였다: 그룹 1
(페리오스틴 불검출군), 그룹 2 (중앙값보다 낮은 페리오스틴 값을 보이
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는 군), 그룹 3 (중앙값보다 높은 페리오스틴 값을 보이는 군).
결과: Wild-type 마우스에서 UUO에 의해 페리오스틴이 매우 강력하게
발현되었다. 생체 외 실험에서, wild-type IMCD에 재조합 TGF-β를 투
여하여 섬유화를 조장하였을 때 페리오스틴 발현이 증가하였다. 페리오
스틴 작용을 세가지 방식으로 차단하여 그 효과를 비교하였다.
Wild-type 마우스에 비하여 POSTN-KO 마우스는 신장 조직 구조가 더
잘 보존되었고, 섬유화가 덜 발생하였다. 또한, wild-type 마우스에 비해
POSTN-KO 마우스에서 섬유화 관련 유전자 및 염증성 사이토카인 유
전자의 발현이 유의하게 감소하였다. 인테그린 차단 펩타이드와 항페리
오스틴 다클론항체의 처리를 통해 섬유화 관련 유전자 발현이 감소되었
다. 요의 POSTN/Cr 값은 병리학적 분류 단계, 조직검사 당시의 신기능
및 최종 신기능과 유의한 연관관계를 보였다 (P<0.001). 조직학적으로,
그룹 3의 환자들은 더 심한 간질 섬유화/세뇨관 위축 (P=0.004), 간질 염
증 (P=0.007), 유리질 세동맥경화증 (P=0.001) 및 사구체 경화 (P<0.001)
소견을 보였다. 조직검사 당시의 요 POSTN/Cr 값이 높은 경우 추적 관
찰동안 더 큰 폭으로 신기능이 감소하였고 (초기 사구체여과율 ≥ 60
mL/min/1.73 m2일 때 P=0.043; eGFR < 60 mL/min/1.73 m2 일 때
P=0.025), 신기능 예후를 볼 때 말기신부전 발생 (P=0.003), 말기신부전
또는 사구체여과율 30% 이상 감소 (P=0.033), 말기신부전 또는 사구체여
과율 50% 이상 감소 (P=0.046)가 그룹 3의 환자들에서 유의하게 많이
발생하였다. 다변량 분석에서도 요 uPOSTN/Cr 그룹 3인 환자들이 말기
신부전 발생 증가와 유의하게 연관되었다 (위험도, 2.839; 신뢰구간,
1.013-7.957; P=0.047).
결론: 페리오스틴은 신장 섬유화의 표지자이자 세포외 물질 단백으로서
섬유화의 진행을 촉진시킨다. 페리오스틴 작용을 차단하면 TGF-β의 신
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호전달체계와 염증 및 세포자멸사를 억제함으로써 신장 섬유화를 약화시
킨다. 초기 진단 당시 요의 POSTN/Cr 값은 IgA 신병증 환자에서 신장
섬유화의 정도와 연관될 뿐 아니라, 신기능 예후를 예측한다. 본 연구의
결과는, 페리오스틴이 신장 섬유화에 유망한 요 생체표지자일 수 있으며,
페리오스틴의 작용을 차단하는 것이 신장 섬유화를 억제하는 새로운 치
료 타겟이 될 수 있다는 가능성을 제시한다.
주요어: 항페리오스틴 항체; 생체표지자; 만성콩팥병; 섬유화; IgA 신병
증; 페리오스틴
학번: 2012-30537
